This study was conducted to evaluate the utility of pyuria as a predictive marker of bacillus Calmette-Guérin (BCG) treatment for non-muscle-invasive bladder cancer (NMIBC). A cohort of 243 NMIBC patients treated with BCG through intravesical instillation between 1994 and 2007 at the Tokyo Metropolitan Tama Medical Center were enrolled in this retrospective study. Pyuria was defined as urine containing ≥10 white blood cells per high-power field. A total of 30 of the patients with pyuria (30̸37, 81%) and 87 patients of those without pyuria (87̸206, 42%) exhibited recurrence following BCG treatment. The 3-year recurrence-free survival rate of patients with and without pyuria following BCG treatment was 20 and 62%, respectively. The multivariate Cox proportional hazards regression model indicated that pyuria was an independent predictor of disease recurrence following BCG treatment. Patients with inflammatory NMIBC exhibited resistance to therapy with intravesical instillation of BCG.
Introduction
Bacillus Calmette-Guérin (BCG) instillation as an adjuvant to transurethral resection of the bladder tumour (TURBT) is the most effective and widely used therapy for non-muscle-invasive bladder cancer (NMIBC). Although BCG therapy may improve the prognosis of NMIBC patients, 20-40% patients fail to respond (1, 2) . BCG treatment commonly induces granulomatous inflammatory changes in the bladder, which produce irritative symptoms. The systemic side effects may vary from mild malaise and fever to life-threatening or fatal sepsis (3) . Therefore, it is important to identify a reliable predictive biomarker. Several studies have attempted to identify risk factors for disease recurrence and it was recently demonstrated that certain factors may predict the recurrence of NMIBC (4) .
Although these results are useful for predicting the effectiveness of BCG therapy in various settings, a number of emerging factors have not been considered.
Recently, the association between inflammation and a variety of cancers has been reported (5, 6) . In our previous study, we demonstrated that pyuria was a prognostic marker of recurrence and progression of newly diagnosed NMIBC (7) . The aim of this study was to evaluate the utility of pyuria as a predictive marker of BCG treatment for NMIBC.
Patients and methods
Study group. Between 1994 and 2007, 243 patients were diagnosed with NMIBC based on histopathological evaluation and were treated with intravesical instillation of BCG following TURBT at the Tokyo Metropolitan Tama Medical Center (Tokyo, Japan).
Urine analysis. Urine analysis for pyuria was performed prior to TURBT and a sample for urine culture was collected at the same time. The cases with NMIBC confirmed by pathological examination underwent BCG instillation. Pyuria was defined as ≥10 white blood cells per high power field of urine (8) .
Individual patient data, including number of tumors, tumor size, tumor grade [1973 WHO classification (9)], pathological T stage, presence of concomitant carcinoma in situ and intravesical therapy, were obtained from patient medical records.
Treatment. Instillation with 40, 80 or 81 mg BCG (Tokyo or Connaught strain were obtained from Japan BCG or Nippon Kayaku, Tokyo, Japan, respectively) diluted in 40 ml saline was performed between 14 and 28 days after TURBT. The instillation was repeated once weekly for 6-8 consecutive weeks. None of the patients received maintenance instillation. During follow-up, all the patients underwent cystoscopy, urine analysis and cytology every 3 months following BCG treatment.
Statistical analysis. The time-to-recurrence following BCG treatment was defined as the time from the date of the first instillation of BCG to the date of bladder cancer recurrence. Patients who remained alive without recurrence, or those who succumbed prior to recurrence, were censored at the date of the last available follow-up cystoscopy.
The distribution of recurrence-free survival (RFS) was constructed using the Kaplan-Meier method. The association between survival and each parameter was analyzed with the log-rank test. Univariate and multivariate Cox proportional hazards regression models were summarized with risk ratios and 95% confidence intervals. The statistical analyses were performed using the JMP ® software package. A P-value <0.05 was considered statistically significant.
Results
Patient characteristics. The characteristics of the patients and their tumors are summarized in Table I . Of the 243 patients treated with BCG instillation, 117 (48%) developed subsequent recurrence. In this analysis, we assessed the presence of pyuria at the time of recurrent tumor resection, prior to BCG treatment. Pyuria was detected in 37 of the 243 patients (15%) treated with BCG. Recurrence survivors were followed up for a median period of 10 months. The RFS rates at 1 and 3 years were 72 and 56%, respectively. The median time of RFS was 45 months.
Tumor recurrence. Tumor recurrence was diagnosed in 30 (81%) of the 37 patients with pyuria and 87 (42%) of the 206 patients without pyuria following BCG treatment. The RFS rates at 3 years were significantly lower among patients with pyuria vs. those without (20 vs. 62%, respectively; P<0.0001) (Fig. 1 ). The univariate regression analysis revealed that pyuria was associated with RFS following BCG therapy. Specifically, patients with pyuria appeared to be resistant to BCG treatment. The previously reported factors (age, gender, tumor number, tumor size, T stage and grade) were also associated with RFS following BCG treatment (Table II) . Prior recurrence rates were not considered, since only newly diagnosed patients were included in this study. The multivariate regression analysis revealed that pyuria was an independent predictor of tumor recurrence following BCG treatment (Table II ). In this model, age, tumor number and size were also identified as independent predictors of tumor recurrence following BCG treatment (Table II) .
BCG relapsing was further defined by time of recurrence as early (within 12 months), intermediate (12-24 months) or late (>24 months) (10) . Recurrence within 12 months was observed in 21 (68%) of the 30 recurrent cases with pyuria and in only 43 (50%) of the 87 recurrent cases without pyuria. Recurrence after 24 months was observed in 1 (3%) of the 30 recurrent cases with pyuria and in only 20 (23%) of the 87 recurrent cases without pyuria (Fig. 2) . These data suggested that pyuria was associated with early recurrence following BCG treatment.
Discussion
Recent studies reported that inflammation within the tumor microenvironment may promote the growth and invasion of cancer cells through an increase in cell proliferation, survival, migration and angiogenesis (11) . In our previous study, we demonstrated that NMIBC with pyuria was associated with poor clinical prognosis and that the presence of the pyuria could be used as an indicator of recurrence and progression (7) . Intravesical BCG treatment is effective for NMIBC, particularly for high-and intermediate-risk tumors (12) . Although the precise mechanism of BCG immunotherapy is not known, previous studies have suggested that the response to BCG is dependent upon immunological reaction (13) . A high degree of leukocyte infiltration is commonly observed in cancer-related inflammation. Recent studies have reported that inflammation within the tumor microenvironment may be associated with poor prognosis (14, 15) . Therefore, we hypothesized that tumor-associated inflammation may exert a detrimental effect on BCG treatment and lead to eventual tumor recurrence. Pyuria is a established marker of inflammation. In this study, we assessed the presence of pyuria at the time of tumor recurrence and observed that pyuria independently predicted response to BCG.
The present study demonstrated that NMIBC with pyuria exhibited a higher overall recurrence rate compared with NMIBC without pyuria. It was previously demonstraded that BCG treatment may decrease early recurrence and maintain a low recurrence rate up to 800 days (16) . In the pyuria-positive group, early recurrence (within 6 months) was observed more frequently, whereas late recurrence (after 24 months) was observed in only 1 case (Fig. 2) . These findings suggest that bladder cancers with pyuria are resistant to BCG therapy.
There are a number of possible explanations for this association between BCG resistance and pyuria. First, since bladder tumors may grow in an inflammatory environment, cancer cells are already resistant to immune cells. Additionally, the inflammation induced by the bladder tumor may inhibit the antitumor immune reaction produced by BCG treatment. In this immune escape, the neutrophils or other immune cells, including macrophages, regulatory T cells, or MDSCs, recruited through the inflammatory process, may be the key players (6) . However, further investigation is warranted.
The limitations of the present study included the small number of patients, the retrospective nature of the analysis, conducted via medical chart review, and that the regimen of BCG was not the currently standard regimen. Recently, the efficacy of maintenance treatment with BCG has been reported (17) . In the present study, all the cases only received 
Univariate analysis
Multivariate analysis 8 cycles of weekly intravesical instillations and no maintenance administration of BCG. We compared the efficacy of intravesical instillation therapy with BCG following TURBT between NMIBC patients with pyuria and those without pyuria. BCG treatment suppressed recurrence in pyuria-negative patients. Therefore, the presence of pyuria may be an independent predictor for BCG therapy according to the multivariate analysis. The prophylactic effect of BCG during the early phase (within 8 months) was weak in the pyuria-positive group.
